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: Location of Writing Instruments Using Position Sensing Diodes in

LOCATION OF WRITING INSTRUMENTS USING POSITION
SENSING DIODES IN STEREO CONFIGURATION
Introduction
The present disclosure is directed to position sensing devices (e.g., position sensing
diodes) that can be used to determine the position of an input device (e.g., a writing instrument in
relation to a writing surface) in relation to the position sensing devices. Existing position
tracking systems, such as digital whiteboards, can use a variety of technologies including optical
sensors (e.g., cameras) to track the position of a digital pen. However, use of existing position
tracking systems is either limited to small writing areas or can be obtrusive due to misalignment
and sub-optimal accuracy.
Summary
The present disclosure proposes to solve the challenges described above by providing a
position determination system that is able to effectively determine the position of an input device
in relation to a set of sensors (e.g., a two or more position sensing diodes, two or more position
sensing devices, and/or two or more position sensitive detectors) and which can serve as part of
an input system of a user seeking to interact with a computing device in a more natural and
ergonomically suitable manner. Specifically, the position determination system can include a set
of sensors including two or more position sensing diodes that are configured to detect a light
source (e.g., a light emitting diode (LED)) and generate a voltage (e.g., bias voltage) that is
proportional to the position of a portion (e.g., a center of mass) of light (e.g., light emitted by the
light source) incident to the surface of the position sensing diode. An input device (e.g., a stylus)
can be configured to include a light source (e.g., an LED powered by a battery) that can be
detected by two or more of the position sensing diodes. In some embodiments, the light source
in the input device can emit modulated light. Furthermore, modulation of the light from the LED
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can improve the signal to noise ratio, thereby allowing for improved performance of the position
determination system including improved detection of the LED in the input device. The output
of the two or more position sensing diodes can be demodulated and the position of the LED can
be determined. By positioning (e.g., in a stereo configuration) the two or more position sensing
diodes on one side of a surface (e.g., a writing surface) the position of the LED can be
determined based on the magnitude of the voltage generated by the position sensing diodes.
In some embodiments, the position determination system can include more than two
position sensing diodes, such that each of the position sensing diodes is positioned (e.g.,
oriented) in order to increase the field of view of the position determination system. For
example, on a square surface used by the input device, four position sensing diodes can be
positioned at each of the four corners of the square surface, thereby reducing disruptions in
detecting the position of a light source that can result from obstruction of the light emitted by the
light source to the position sensing diodes.
Furthermore, in some embodiments, the position sensing diodes can detect a light source
in one dimension or in two dimensions. When the position sensing diodes are configured to
detect a light source in two dimensions, stereo rectification can be performed to compensate for
misalignment between the position sensing diodes. As a result, the position determination
system can provide more accurate detection and/or tracking of the position of the light source.
Detailed Description
FIG. 1 illustrates a schematic diagram of one embodiment of a computing system 100 in
accordance with aspects of the present disclosure. In the embodiment shown in FIG. 1, the
computing system 100 includes an input device 110, a position sensing device 120, and a
computing device 130.
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As shown in FIG. 1, the input device 110 can include a battery 112, an interconnect 114,
and a light source 116 which can be positioned within the input device 110. In general, the input
device 110 can be configured to contain the light source 116 so that light emitted by the light
source 116 is visible to one or more sensors (e.g., the position sensing device 120) external to the
input device 110. The input device 110 can be configured in various shapes including in the
shape of a stylus, pen, pencil, mouse, wand, and/or rod. Further, the input device 110 can be
configured to be ergonomically suitable for use by a user of applications that benefit from
precise control of the input device. In some embodiments, the battery 112 and/or the light source
116 can be configured to be removed and/or replaced. For example, the battery 112 and/or the
light source 116 can be removed and replaced when the battery 112 and/or the light source 116
has malfunctioned (e.g., the light source 116 has dimmed) or failed (e.g., the battery 112 has
been completely discharged). The battery 112 can provide power (e.g., electrical power) to the
various power-consuming components of the input device 110 including the light source 116, to
which power can be provided via the interconnect 114 (e.g., a wire through which electrical
current can be pass from the battery 112 to the light source 116
In addition, the input device 110 can also include a light source 116. The light source
116 can include one or more lights (e.g., LED lights) that can be positioned within the input
device. In some embodiments, the light source 116 can be configured to emit modulated light
that is more effectively detected by the position sensing device 120. ). In one embodiment, the
light source can be enclosed in a transparent or translucent portion of the input device 110 (e.g., a
portion of the input device 110 that is a transparent or translucent material including transparent
glass or transparent plastic).
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The computing system 100 can also include a position sensing device 120 which can be
configured to detect light including light emitted by the light source 116. As shown in FIG. 1,
the position sensing device 120 can include a set of sensors including a plurality of position
sensing diodes (e.g., the position sensing diode 122 and the position sensing diode 124). Each of
the plurality of position sensing diodes (e.g., the position sensing diode 122 and the position
sensing diode 124) can be based on silicon PIN diode technology and can be configured to
determine the position of a portion (e.g., a brightest or most intense portion) of light incident to
the surface of the position sensing diode. In some embodiments, two or more position sensing
diodes position sensing diode 122 and the position sensing diode 124), each configured to detect
a one-dimensional position of light can be combined to generate a signal indicative of a twodimensional position of the light. In another embodiment, two or more position sensing diodes
(e.g., the position sensing diode 122 and the position sensing diode 124), each configured to
detect a two-dimensional position of light can be combined to generate a signal indicative of a
three-dimensional position of the light.
Further as shown in FIG. 1 the position sensing device 120 can also include a
communications interface (e.g., the communications interface 126) for communicating one or
more signals or data to one or more remote devices (e.g., the computing device 130). For
example, the communications interface 126 can communicate one or more signals and/or data
indicative of a two-dimensional or three-dimensional position of a light source (e.g., the LED
116) to the computing device 130. In general, the communications interface 126 can include one
or more transmitters, receivers, ports, circuits, and/or other interfaces for communicating one or
more signals including data or digital information over a wired communication link, wireless
communication link, or combination of wired and wireless communication links. As an
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example, the communications interface 126 can communicate data to a remote server over a
network (e.g., the Internet) for subsequent processing of the data by another device connected to
the network (e.g., the computing device 130).
As further shown in FIG. 1, the computing system 100 can include the computing device
130. The computing device 130 can include a controller 132 that includes one or more
processors 134 and one or more memory devices 136 associated with the one or more processors
134. The one or more processors 134 can include any suitable processing device, such as a
microprocessor, microcontroller, integrated circuit, logic device, or other suitable processing
device. Similarly, the one or more memory devices 136 can include one or more computerreadable media, including, but not limited to, non-transitory computer-readable media, RAM,
ROM, hard drives, flash drives, and/or other memory devices.
In some embodiments, the one or more memory devices 136 can store information
accessible by the one or more processors 134, including computer-readable instructions that can
be executed by the one or more processors 134. The instructions can be any set of instructions
that when executed by the one or more processors 134, cause the one or more processors 134 to
perform operations. For instance, the instructions can be executed by the one or more processors
134 to determine the position of the light source 116 in the input device 110 based on one or
more signals and/or data received from the position sensing device 120. The instructions can be
implemented in any combination of hardware and/or software. When software is used, any
suitable programming, scripting, or other type of language or combinations of languages can be
used to implement the teachings contained herein. The one or more memory devices 136 can
also store data for manipulation by the one or more processors 134. Furthermore, the computing
device 130 can generate one or more outputs based in part on one or more signals or data
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received by the communication interface 138. For example, the computing device can generate
one or more outputs to a display device (not shown) based on the one or more signals or data
received from the position sensing device 120.
Further as shown in FIG. 1 the computing device 130 can also include a communications
interface (e.g., the communications interface 138) for communicating (e.g., sending and/or
receiving) one or more signals or data with one or more remote devices (e.g., the position
sensing device 120). For example, the communications interface 138 can receive one or more
signals and/or data indicative of a position (e.g., a two-dimensional position or three-dimensional
position) of a light source (e.g., the LED 116) from a remote device (e.g., the position sensing
device 130). In general, the communications interface 138 can include one or more transmitters,
receivers, ports, circuits, and other interfaces for communicating digital information over a wired
communication link, wireless communication link, or combination of wired and wireless
communication links. As an example, the communications interface 138 can communicate data
to a remote server over a network (e.g., the Internet) for subsequent processing of the data. As
another example, the communications interface 138 can communicate data to a user device (e.g.,
a smart phone, laptop computer, and/or tablet computing device) via a wireless protocol
including Bluetooth, IEEE 802.11, and/or WiMAX.
In accordance with aspects of the present disclosure, the controller 132 can, in one
embodiment, be configured to analyze one or more signals transmitted from the position sensing
device 120 such that the position of a light source (e.g., the light source 116) in the input device
120 is continuously determined. The one or more signals from the position sensing device 120
can then be analyzed by the controller 132 (e.g., using a suitable position processing algorithm)
to identify the position and/or movements of the light source 116 in the input device 110. For
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example, writing movements made by a user of the input device 110 on a surface (e.g., a white
board) can be detected by the position sensing device 120, which can generate a bias voltage
based on the position of the light source 116 relative to the position sensing diodes (e.g., the
position sensing diode 122 and the position sensing diode 124) in the position sensing device
120. The communications interface 126 in the position sensing device 120 can transmit one or
more signals and/or data to the communications interface 138 of the computing device 130,
which can generate an output for an output device (e.g., a display device) based in part on the
position of the input device 110. In this way, the computing system can provide an ergonomic
and easy to use input device that can be used for various purposes including as a writing device
and/or as a pointer device for the computing system.
Referring now to FIG. 2, a flow chart illustrating one embodiment of a process 200 for
determining the location of an input device using position sensing diodes in a stereo
configuration is illustrated in accordance with aspects of the present subject matter. Although
the operations of the process 200 are shown and described in a particular order, certain
operations can be performed in a different order or at the same time.
As indicated in FIG. 2, at 202, an input device (e.g., the input device 110) can be placed
within a field of view of a position sensing device (e.g., the position sensing device 120) that
includes two or more position sensing diodes (e.g., the position sensing diode 122 and the
position sensing diode 124). The input device can include one or more LEDs (e.g., an LED
powered by a battery in the input device). The LED in the input device can be configured to
emit a modulated light that can detect a portion of the modulated light (e.g., a brightest portion)
by the two or more position sensing diodes when the LED is within the field of view of the two
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or more position sensing diodes (e.g., the LED is not obstructed from detection by the two or
more position sensing diodes).
At 204, the two or more position sensing diodes can be configured to generate voltage
(e.g., bias voltage) in proportion to the position of a portion (e.g., a brightest or most intense
portion) of the light from the LED that is incident to the surface of each of the two or more
position sensing diodes. For example, the two or more position sensing diodes can be configured
to produce a greater voltage as the peak intensity of the light incident on the surface of each of
the two or more position sensing diodes increases (e.g., the LED is positioned closer to a position
sensing diode).
At 206, the voltage generated by the two or more position sensing diodes can be
communicated to a computing device (e.g., the computing device 130) associated with the two or
more position sensing diodes. In some embodiments, the two or more position sensing diodes
can be included in the computing device and can be connected to the computing device via one
or more interconnects (e.g., wireless or wired interconnects) through which one or more signals
or data indicative of the voltage of the position sensing diodes can be communicated.
In some embodiments, a controller of the computing device can be configured to execute
a position processing algorithm. The position processing algorithm can allow the controller to
more effectively determine the position and/or location of the light source in the input device.
Further, the position of the LED in the input device can be used for a variety of human-computer
interactions including as an input device for a digital whiteboard and/or an input device for use
with software operated on the computing device or a device associated with the computing
device (e.g., a display output device).
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Abstract
The present disclosure relates to a position determination system and related method for
accurately and rapidly capturing the position of an input device (e.g., a stylus). The position
determination system can include an input device such as a writing instrument that includes a
light emitting diode (LED) that can be detected by two or more position sensing diodes. The
position sensing diodes (PSDs) can generate a bias voltage proportional to the position of a point
(e.g., a brightest point) of light incident to the surface of the PSDs. As a result, based on the
position of the LEDs relative to the PSDs, the position of the input device can be determined
based on the magnitude of the voltage generated by the PSDs. The PSDs can transmit signals
including information associated with the voltage to a computing device that can process the
signals and generate an output for an output device.
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